Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #94	Tdoc R1-1809194
Göteborg, Sweden, August 20th – 24th 2018

[bookmark: _GoBack]Agenda Item:	6.2.3.2
Source:	Ericsson
Title:	Possible enhancements to Advanced CSI reporting
Document for:	Discussion, Decision
1 Introduction
In LTE Rel-14 eFD-MIMO WI [1], advanced CSI reporting was introduced to enhance MU-MIMO performance by providing richer channel knowledge to the eNB which enabled the use of sophisticated precoding techniques to supress inter-user interference at the UE by operations on the transmitter side. Advanced CSI reporting may be seen as a pre-cursor to the more elaborate Type II CSI feedback framework which was specified for NR in Rel-15, and indeed, NR Type II CSI brings a substantial gain over Advanced CSI reporting in LTE Rel-14. Thus, there is potential to enhance the Advanced CSI design in LTE based on the learnings from NR Type II CSI design.
In this contribution, we discuss such potential enhancements to the Rel-14 Advanced CSI design. 
2 Discussion on potential Advanced CSI enhancements
The NR Type II CSI brings additional performance over Advanced CSI in LTE mainly for two reasons:
1 The maximum CSI payload size (i.e. W1 + W2 PMI payload) for Advanced CSI was limited so that periodic/wideband CSI reporting using existing PUCCH Format 2 could be specified. 
2 As the topic was given more time to be studied in NR, a more optimized design compared to LTE could be attained

The design target corresponding to the first reason has however proven to be flawed, as linear combination type of precoders require subband resolution to yield a performance gain over conventional DFT precoding schemes. Hence, wideband resolution CSI transmitted as periodic reports on the PUCCH serves little benefit to the eNB and should thus not set a requirement for the CSI feedback design. That is why NR Type II CSI is not supported for periodic reporting on PUCCH, but only for aperiodic reporting on PUSCH. This is illustrated Table 1 below, where Class A and Advanced CSI codebook with wideband PMI resolution is compared. As seen, the two schemes perform almost identically.
There is thus no reason for the eNB to configure periodic wideband Advanced CSI reports on the PUCCH when it can obtain the same CSI resolution with a wideband Class A report with lower overhead. It should also be noted that the Advanced CSI PMI is additionally subsampled to fit on PUCCH Format 2, but the effect of this is not included in the below simulation results.
Thus, the maximum tolerable payload size for a proper Advanced CSI codebook design should be decided considering only aperiodic subband reporting on PUSCH and should not consider periodic wideband reporting on PUCCH.
	[bookmark: _Ref521408600]Table 1: Comparison of wideband PMI reporting between Class A and Advanced CSI
	
50% RU

	Scheme
	Cell edge gain [%]
	Normalized user throughput gain [%]

	Wideband PMI Class A codebook
	0
	0

	Wideband PMI Advanced CSI codebook (no subsampling)
	-2
	-3



[bookmark: _Toc521417078]For wideband PMI reporting on PUCCH, there is no performance difference between Class A and Advanced CSI. Fitting a periodic wideband PMI report on existing PUCCH formats should not determine an upper bound on the allowed PMI payload for an Advanced CSI codebook design.
It is thus clear that improvements to Advanced CSI codebook for LTE design based on allowing the CSI feedback payload to increase to obtain better CSI resolution, if one does not need to consider periodic wideband PMI reporting on PUCCH. However, one should of course consider how large CSI payload size the legacy mechanism of multiplexing UCI and UL-SCH on PUSCH can handle without requiring additional enhancement.
One may be inclined to think that increased CSI resolution require a significant increase in CSI payload, however that is not always true. As hinted in the second reason above, NR Type II CSI brings a benefit over Advanced CSI also because of a more optimized design. Namely, two suboptimal design choices were made for Advanced CSI that where “corrected” in the subsequent NR Type II design:
1. The advanced CSI codebook for >16 antenna ports constrains the DFT beam selection in W1 to only 7 (out of at most 15, for 32 ports) orthogonal beams to the leading DFT beam. This saves only 1 bit in PMI overhead but leads to a noticeable performance loss for certain antenna configurations.
2. The advanced CSI codebook uses a single wideband amplitude coefficient (the Relative Power Indicator, RPI) for both polarization of a beam, and for both layers of a rank-2 precoder. NR Type II CSI, on the other hand, uses per polarization and layer amplitude coefficients. As these coefficients are selected on a wideband basis, they do not significantly contribute to the total PMI payload.

The resulting performance and overhead increase for the two above enhancements are presented in Table 2 below, along with the performance and overhead of two codebook designs, where additionally, CSI payload is allowed to increase by increasing the number of beams from L=2 to L=3 as well as increasing the resolution of the phase coefficients from QPSK to 8-PSK. Simulation are performed for 32Tx in 3GPP 3D UMi, other assumptions are presented in the appendix.
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	50% RU
	70% RU
	Additional overhead [bits]

	Scheme
	Cell edge gain [%]
	Normalized user throughput gain [%]
	Cell edge gain [%]
	Normalized user throughput gain [%]
	Rank 1
	Rank 2

	Class A codebook
	0
	0
	0
	0
	N/A
	N/A

	Advanced CSI codebook
	6
	3
	11
	5
	0
	0

	Advanced CSI codebook + Unconstrained beam selection
	13
	5
	13
	7
	1
	1

	Advanced CSI codebook + Unconstrained beam selection + Per pol/layer amp
	18
	9
	26
	13
	5
	11

	Advanced CSI codebook + Unconstrained beam selection + Per pol/layer amp + L=3 beams
	25
	11
	34
	18
	48
	94

	Advanced CSI codebook + Unconstrained beam selection + Per pol/layer amp + L=3 beams + 8-PSK cophasing
	38
	16
	49
	23
	93
	184



[bookmark: _Toc521417079]Enhancing Rel-14 Advanced CSI codebook with “unconstrained beam selection” and “per polarization and layer amplitude” increases the cell edge gain with 15 pp over Class A codebook at a cost of only 11 bits worst case additional overhead
[bookmark: _Toc521417080]Observation 2	Enhancing Rel-14 Advanced CSI codebook with L=3 beams and 8-PSK co-phasing yields 38 pp additional cell edge gain over Class A codebook

3 Proposal
The current Rel-16 LTE WID [2] only includes objectives for enhancements to SRS, including the introduction of virtual cell ID and multiple SRS symbols, while TUs are allocated for 9 consecutive RAN1 meetings spanning 1.5 years. In our view, within this TU allocation, there should be room for RAN1 to study and specify additional objectives such as enhancements to Advanced CSI reporting as discussed in this contribution. We therefore propose that the WI description is revised at the upcoming RAN plenary in September to include one additional objective.
[bookmark: _Toc521417081]Revise the Rel-16 LTE MIMO WID to include the following additional objective:
· Extend specification support for advanced CSI reporting on PUSCH including unconstrained beam selection in W1, per polarization and layer amplitude granularity, L=3 beams in W1 and 8PSK phase quantization
Conclusion
In this contribution, we have discussed potential enhancement to Advanced CSI reporting that could be considered within the scope of the Rel-16 LTE MIMO work item. The following observations have been made: 
Observation 1	For wideband PMI reporting on PUCCH, there is no performance difference between Class A and Advanced CSI. Fitting a periodic wideband PMI report on existing PUCCH formats should not determine an upper bound on the allowed PMI payload for an advanced CSI codebook design.
Observation 2	Enhancing Rel-14 Advanced CSI codebook with “unconstrained beam selection” and “per polarization and layer amplitude” increases the cell edge gain with 15 pp over Class A codebook at a cost of only 11 bits worst case additional overhead
Observation 2	Enhancing Rel-14 Advanced CSI codebook with L=3 beams and 8-PSK co-phasing yields 38 pp additional cell edge gain over Class A codebook

Based on the discussion and evaluation results presented herein, we proposed the following:
Proposal 1	Revise the Rel-16 LTE MIMO WID to include the following additional objective:
· Extend specification support for advanced CSI reporting on PUSCH including unconstrained beam selection in W1, per polarization and layer amplitude granularity, L=3 beams in W1 and 8PSK phase quantization
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Appendix
	Simulation Parameters

	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMi 200m ISD

	Antenna Configurations
	32 TX: 8x4 with 2x1 virt., UMi (130° tilt)

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	PUSCH Mode 3-2

	Outer loop Link Adaptation
	Yes, 10% BLER target

	UE noise figure 
	9 dB

	eNB Tx power 
	41 dBm (UMi)

	Traffic model
	FTP Model 1, 100 kB packet size, 50%, 70% target RU

	UE speed 
	3 km/h

	Scheduling 
	Proportional fair in time and frequency
Max 8 MU layers

	DMRS overhead
	2 DMRS ports

	CSI-RS
	Overhead accounted for.  
Channel estimation error modeled.

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB

	Transmission Mode
	TM10, with non-shifted CRS
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